Introduction {#s0001}
============

In China, lung cancer, as the most common cancer, is a major public health problem, and non-small-cell lung cancer (NSCLC) accounts for the vast majority of lung cancer patients.[@cit0001] Most lung cancer patients are diagnosed with advanced NSCLC, and there are few satisfactory and effective treatment options. However, recent developments in targeted therapies for a subgroup with specific molecularly activated oncogenes dramatically changes the survival rate and lifespan for NSCLC patients.[@cit0002]

Nevertheless, targeted therapies are fundamentally different from chemotherapy in the sense that clinicians need to detect the relevant driver genes before selecting the genotype-directed targeted drugs. Therefore, uncovering the mutational profile of NSCLC is an important tool for tailoring therapy to patients, and this has a substantial impact on prognosis.[@cit0003],[@cit0004] Recent studies demonstrate that East Asian patients have specific mutation profiles, and a large proportion harbor EGFR mutations.[@cit0005] In particular, those more likely to harbor these mutations are females who have never smoked and who were diagnosed with adenocarcinoma.[@cit0006] Hence, it is of significant clinical value to better understand the molecular epidemiology in a Chinese population.

Mutation profiling is often performed using the tumor tissue obtained after surgery. However, for advanced NSCLC patients, obtaining this type of tissue is not always possible, because it is often difficult to access sufficient tumor tissue for molecular testing because such an invasive treatment might be harmful for these patients. In an effort to overcome this limitation, recently, highly sensitive screening methods that utilize the cell-free DNA (cfDNA) and circulating tumor DNA (ctDNA), which are found in the blood circulation, have emerged as valuable cancer indications with great potential for molecular diagnosis and monitoring cancer progression.[@cit0007] Importantly, clinical evidence indicates that there is a substantial discordance in the genomic alterations and efficacy between the tumor tissue and blood ctDNA samples from the same patient.[@cit0008],[@cit0009] Thus, it is important to carefully evaluate these different profiling methods in order to provide more information about whether ctDNA is useful for molecular diagnostics.

In this retrospective study, we analyzed 280 NSCLC patients who were diagnosed with adenocarcinoma in a hospital in eastern China between 2017 and 2018. We profiled their somatic mutations from blood or tumor sampling using targeted next-generation sequencing (NGS) platforms. We investigated the relationship between the patterns of somatic mutations and a wide spectrum of factors, with regard to the screening methods, and the stage at onset, treatment response, and survival rate. We detected differential profiles of somatic mutations tested using blood and tumor tissue. Mutually exclusive events and the co-occurrence of certain oncogenes were observed. Furthermore, we further found that targeted therapy only had a significant effect when the patients harbored a single EGFR mutation, and the effect of chemotherapy was also significantly stronger when the patients harbored the single EGFR mutation. Our findings provide useful information and guidance for selecting more appropriate mutation profiling method and a combination of treatments.

Materials and Methods {#s0002}
=====================

Patient and Sample Collection {#s0002-s2001}
-----------------------------

Between January 2017 and December 2018, a total of 400 NSCLC patients provided informed consent to participate in this retrospective study. Fresh tumor tissue was extracted from 300 patients during a surgery or a needle aspiration, and blood samples (10--20 mL) were collected from the remaining 100 patients who did not undergo surgery. Cell-Free DNA BCT® tubes (STRECK) were used to collect the peripheral blood. The cfDNA and genomic DNA (gDNA) are stable for up to 14 days at 6°C to 37°C in this type of tube. The samples were centrifuged at 2,000 g for 15 min to separate the plasma and blood cells, and this was followed by a secondary centrifugation at 16000 g for 10 min. The resulting plasma samples were frozen and stored at −80°C until DNA isolation. The Hwa Mei Hospital, University of Chinese Academy of Sciences approved this study. All of the samples and clinical data included in this retrospective study were irrevocably anonymized. This study was conducted in accordance with the Declaration of Helsinki.

cfDNA and Tissue gDNA Extraction {#s0002-s2002}
--------------------------------

The gDNA was extracted from formalin-fixed, paraffin-embedded (FFPE) tissues using the TIANamp FFPE DNA Kit (TIANGEN, Beijing, China) according to the manufacturer's instructions, and the gDNA was eluted into a volume of 50 μL. The purity of the gDNA was assessed by electrophoresis using a 1% agarose gel, and the DNA concentration was determined using a Qubit Fluorometer and the QubitTM dsDNA HS Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). The cfDNA was extracted from 500 µL aliquots of serum using the QIAamp circulating nucleic acid kit (Qiagen, Hilden, Germany), equipped with the QIAvac 24 Plus vacuum manifold, according to the manufacturer. The purity of the cfDNA was assessed using an Agilent High Sensitivity DNA Kit and the Bioanalyzer 2100 instrument (Agilent Technologies, Santa Clara, CA). When necessary, an additional purification step was performed using Agencourt AMPure XP (Beckman Coulter, Brea, CA) on order to remove any larger contaminating nucleic acid. The quantification of the cfDNA was done using a Qubit 2.0 Fluorometer with the Agilent High Sensitivity DNA Kit (Agilent Technologies, Santa Clara, CA, USA).

Targeted Next-Generation Sequencing and Sequencing Data Analysis {#s0002-s2003}
----------------------------------------------------------------

The targeted sequencing of the extracted samples was performed using one of the following platforms. Briefly, each sample was sequenced by either a panel (Longshi) targeting all coding exons of 13 genes ([[Table S1](https://www.dovepress.com/get_supplementary_file.php?f=254139.docx)]{.ul}) or another panel (Longtong) targeting 59 genes ([[Table S2](https://www.dovepress.com/get_supplementary_file.php?f=254139.docx)]{.ul}). The panels also contained probes for copy variation detection in the genes. The gDNA was sheared, end repaired, ligated with barcoded Illumina sequencing adapters, amplified, and size selected. The resulting libraries were quantified using qPCR, and then, they were pooled and sequenced with 150 base paired-end reads using NextSeq 500 sequencers (Illumina). The raw data was processed using automated custom clinical bioinformatics pipelines. For each sample, the variant frequency was selected to be \> 0.1%. The Multiplex I cfDNA Reference Standard Set (Horizon Discovery, Cambridge, MA) was used to assess the accuracy and the minimum variant frequency threshold.

Accordingly, the NCCN Guidelines outline the best practices for variants screening assessment. The variants were annotated with ANNOVAR (2016--02-01) based on the genomic coordinates GRCh37.75, and the complex variants were further annotated with SnpEff (v4.3). Next, we determined if the variants were present in the dbSNP (v147) common database. The variants that were not found in the dbSNP database were filtered again using the ClinVar (20181028) database, Cosmic (70), 1000g_EAS, ExAC_ALL, ExAC_EAS. The pathogenic variants were annotated as "likely-pathogenic," "pathogenic," or "drug response" by the ClinVar database.

The Raindrop digital PCR System (Raindrop, USA) was used to assess the mutant allele frequency, according to the manufacturer's instructions.

Chemotherapy and Targeted Therapy {#s0002-s2004}
---------------------------------

In general, most standard chemotherapy drugs are designed to kill hyperproliferative cells in the body. Thus, since cancer cells divide quickly, these drugs inhibit cancer. However, chemotherapy drugs can also affect other non-cancer cells in the body that have the capacity to divide rapidly, and this can sometimes cause serious side effects. On the other hand, targeted therapy drugs are different because they target specific regions of the actual cancer cells that permit their abnormal proliferative capacity. Cancer cells have a variety of drug target regions. Targeted drugs are meant to do the following: (1) inhibit chemical signals that allow cancer cells to grow and divide; (2) alter proteins within the cancer cells so the cells will undergo apoptosis; (3) inhibit angiogenesis; (4) stimulate the immune system to attack the cancer cells; or (5) transport toxins to the cancer cells to kill them but not the normal cells.

Assessment of Disease Stage {#s0002-s2005}
---------------------------

The disease progression at diagnosis of each patient was first assessed according to the TNM staging system[@cit0010] based on biopsy and clinical data. The extent of the spread of cancer was assessed using the TNM Classification of Malignant Tumors, which is recognized worldwide. This classification system was done as follows: T was used to describe the size of the original (primary) tumor and whether there was tissue invasion; N was used to describe whether there were any nearby (regional) lymph nodes involved; and M was used to describe any distant metastasis. The 8th clinical staging system[@cit0011] was used to group the anatomic stage/prognostic grouping from the TNM staging system.

Statistical Analysis {#s0002-s2006}
--------------------

The mutation data was processed using the "maftools" R package.[@cit0012] The tests for the differential mutated genes between the tissue and ctDNA groups and the co-occurrence test of the mutated genes were performed using the same R package. The survival analysis was conducted using the Cox proportional hazard models using the "survival" R package.[@cit0013] The duration of the overall survival (OS) was calculated using the number of months between the diagnosis and death. The age at diagnosis, disease stage, and chemotherapy were adjusted in the model. The Chi-square test of homogeneity was performed using R.

Results {#s0003}
=======

Patient Characteristics {#s0003-s2001}
-----------------------

[Table 1](#t0001){ref-type="table"} presents the basic characteristics from a total of 280 adenocarcinoma patients that were included in this retrospective study. The patients diagnosed with stage I made up more than half of the population, while the patients diagnosed with stages III and IV each made up \~17% of the population. The average age of the patients in each stage was \~63 at diagnosis. The vast majority (\~95%) of the patients were non-smokers. Almost all of the stages I or II patients underwent resection to remove the tumor, while only 31.25% of the stage IV patients had surgery. Chemotherapy was performed for most patients following the removal of the tumor in stages II, III and IV. Around half of the stage IV patients received a targeted therapy, while few patients in stages I and II did. The average follow-up time was 10.5 (±8.5) months. At the end of the follow-up period, the OS rates were 99.37%, 91.67%, 87.5%, and 68.09% for the patients in stages I, II, III, and IV, respectively.Table 1Basic Characteristics of the Patients Included in the StudyStageNPer (%)Smoking (%)AgeSurgery (%)Chemo (%)Targeted (%)Survival (%)I15856.430.6363.0506396.2027.221.2799.37II124.29062.7591.6791.67091.67III4917.50063.562569.3969.3922.4587.5IV4817.144.1763.6595731.2552.0843.7568.09NA134.640NA10000NA[^2]

EGFR L858R is the Most Common Mutation in Adenocarcinoma {#s0003-s2002}
--------------------------------------------------------

Among the 280 adenocarcinoma patients, a targeted genetic mutation screening test was performed using the tumor tissue or the ctDNA from the blood for 239 and 41 patients, respectively. Most patients who underwent the ctDNA test were diagnosed with stage IV, because surgery was not an optimal option and thus, it was difficult to obtain fresh tissue for the biopsy. A total of 88% of the patients tested using their tumor tissue showed somatic mutations, and this was compared with a detection rate of only 80% for the patients who were tested using their ctDNA ([Figure 1A](#f0001){ref-type="fig"}), suggesting that ctDNA-based tests potentially had a lower sensitivity than the test using tumor tissue. The Chi-square test of homogeneity yielded a p-value of 0.16. The non-significant result may be due to the limited sample size of the ctDNA group.Figure 1(**A**) Percentage of the patients for whom at least one somatic mutation was identified based on a genetic test from tumor tissue or ctDNA from blood. (**B**) A local plot showing the mutation spots on the protein structure of EGFR and the number of patients harboring those mutations. (**C**--**F**) A summary report of the detected mutations, including (**C**) variant classification, (**D**) variant type, (**E**) SNV class, (**F**) the number of detected variants per sample.

More than half of the patients had only one detected mutation ([Figure 1B](#f0001){ref-type="fig"}). The largest proportion of detected mutations (\>2/3) were missense mutations, followed by in-frame deletions, and insertions ([Figure 1C](#f0001){ref-type="fig"}). Most of the mutations were single nucleotide polymorphisms (SNPs), and the most abundant single nucleotide variation was the transition from thymine (T) to guanine (G) ([Figure 1D](#f0001){ref-type="fig"}), which was attributed to the well-known mutation L858R in exon 21 of EGFR ([Figure 1E](#f0001){ref-type="fig"}). We found that EGFR was the most frequently mutated gene, accounting for almost 50% of all the detected mutations regardless of the source of biopsy ([Figures 1F](#f0001){ref-type="fig"}, [2A](#f0002){ref-type="fig"} and [B](#f0002){ref-type="fig"}). In addition, KRAS, PIK3CA and HER2 were among the most frequently mutated genes ([Figure 1F](#f0001){ref-type="fig"}). We observed that EGFR had the highest variant allelic frequency (VAF), while ROS1 and FGFR1 had substantially lower (VAF) compared to the other genes despite the small sample size ([Figure 2C](#f0002){ref-type="fig"}).Figure 2(**A**) VAF of the top 10 most frequent mutated genes. (**B**) A co-occurrence matrix showing which pair of gene mutations were mutually exclusive or coexistent. (**C**) The differential mutation rate between the tissue and ctDNA. (**D**) An oncoplot showing the scattering of the somatic mutations with regard to cancer stage and variant type in the tissue samples. (**E**) An oncoplot showing the scattering of somatic mutations with regard to cancer stage and variant type in the ctDNA samples.

EGFR is Mutually Exclusive When Compared to KRAS, HER2, and MET {#s0003-s2003}
---------------------------------------------------------------

Next, we explored whether these mutations were mutually exclusive or likely to co-occur. We found that the EGFR mutations were most significantly (p=3.7e-09) mutually exclusive when compared to the KRAS mutations ([Figure 2D](#f0002){ref-type="fig"}), supporting previous findings.[@cit0014] We further discovered that the EGFR mutations were significantly mutually exclusive with HER2 and MET (p=5e-04 and 6.3e-03, respectively), but not with PIK3CA or PTEN. We also observed the co-existence of PTEN and PIK3CA mutations, consistent with previous reports.[@cit0015]

ctDNA Test Detected More FGFR1 Mutations {#s0003-s2004}
----------------------------------------

When comparing the mutations detected from tumor tissue with those detected from the ctDNA in blood, we found that the mutations in FGFR1 were significantly more abundantly detected in the ctDNA group (p\<0.01) ([Figure 2E](#f0002){ref-type="fig"}). The enrichment of the mutations in FGFR1 for the ctDNA test was not attributed to the larger number of patients with Stage IV in that group, as the mutations were scattered over all the cancer stages ([Figure 2A](#f0002){ref-type="fig"} and [B](#f0002){ref-type="fig"}). In addition, EGFR amplification was detected in \~10% of the samples with EGFR mutations in the tissue group, while no amplification was detected in the ctDNA group ([Figure 2A](#f0002){ref-type="fig"} and [B](#f0002){ref-type="fig"}). Across all the detected mutations, we tested and found no mutations that were more enriched for a specific cancer stage. We also found no enrichment of certain mutations for a specific age group.

Targeted Therapy is Effective for Patients with EGFR Mutations {#s0003-s2005}
--------------------------------------------------------------

We investigated whether the mutations impacted the OS of the adenocarcinoma patients over the course of the follow-up period. In particular, the focus was on the effect of the targeted therapy on the patients carrying EGFR mutations in the advanced stages. This was because, for stage I and II patients, targeted therapy is rarely applied, and consequently our retrospective cohort was not able to achieve enough statistical power to detect the effect. Thus, we performed a survival analysis using the 97 patients diagnosed with Stage IIIA or higher. We found that the hazard rate was significantly associated with the stage of cancer and the use of chemotherapy in the total samples ([Table 2](#t0002){ref-type="table"}). Stage IIIB and IVA substantially increased the hazard (p=0.03 and 0.05) while receiving chemotherapy dramatically improved the prognosis (p=1.6e-03). However, age was not associated with the hazard rate, probably because the range of age in this study was narrow. The targeted therapy increased the survival rate in the total samples albeit not significant (p=0.4).Table 2Effects of Stage, Chemotherapy and Targeted Therapy on Overall Survival in the Total Samples, the EGFR Group and the Control GroupPredictorHazard Ratio95% CIpAll Samples Targeted0.670.26--1.710.399 Chemotherapy0.1920.069--0.5340.0016\*\* IIIB6.601.18--36.840.0316\*\* IVA4.220.95--18.790.0587\*EGFR group Targeted0.0690.0034--1.370.0796\* Chemotherapy0.0145.57e-04-0.340.0087\*\* IIIB37.51.28--1095.690.0353\*\* IVA3.960.17--90.350.388Control group Targeted0.8130.26--2.570.725 Chemotherapy0.4240.13--1.360.149 IIIB2.8620.18--46.300.459 IVA8.0011.02--62.940.048\*\*[^3]

To check whether the targeted therapy had an effect on the patients with EGFR mutations, we split the samples into two groups as follows: (1) an EGFR group that was comprised of 34 samples with EGFR mutations and no other mutations and (2) a control group that consisted of the remaining 63 samples. The patients who did not receive any treatment died most quickly for both groups ([Figure 3A](#f0003){ref-type="fig"} and [B](#f0003){ref-type="fig"}). We observed that the effect of the targeted therapy in the EGFR group neared significance (p=0.07) ([Table 2](#t0002){ref-type="table"}, [Figure 3A](#f0003){ref-type="fig"}), and the effect size was much stronger than that in the control group ([Figure 3B](#f0003){ref-type="fig"}). In addition, the effect of chemotherapy was also predominant for the EGFR group relative to the control group.Figure 3Survival curves of the patients according to whether chemotherapy or targeted therapy was applied in (**A**) the EGFR group and (**B**) the control group. Tar/ch=0 represents no targeted or chemotherapy, respectively. The unit of time is a month.

Discussion {#s0004}
==========

Recently, treatment paradigms for NSCLC have shifted. Traditionally, the treatments were based on the stratification of patients using histological findings alone. Now, they are aimed at molecularly classifying patients using the presence of genetic alterations within "driver" oncogenes. For NSCLC patients who harbor these alterations, the mechanism typically hinges upon one oncogenic pathway that drives cell survival, which is known as oncogene addiction.[@cit0016] In fact, it was recently demonstrated that about 50% of pulmonary adenocarcinomas have, at minimum, one genetic mutation within an oncogene driver, and the frequencies are higher among those who have no history of smoking.[@cit0017],[@cit0018] Traditionally, standard somatic mutation analyses are done using postoperative material or biopsy tissue. However, more recently, new tumor DNA sources, including blood, have provided a noninvasive approach to identify ctDNA and monitor tumor changes and genetic mutations when the cancer is at advanced stages.[@cit0019],[@cit0020]

A meta-analysis revealed that circulating cell-free DNA (cfDNA) served as a prognostic and predictive biomarker for NSCLC patients, especially with respect to the EGFR mutation detection.[@cit0021] Thus, liquid biopsies are proposed as a potential approach to monitor somatic mutations in real time in contrast to tissue biopsies, which represent a single snap-shot in time. Recently, a large study was conducted using specimens from surgery or biopsies from NCSLC patients in a Chinese population, revealing that there were unique EGFR mutations within this population.[@cit0022] However, determining whether these types of mutation can also be identified using ctDNA in a Chinese NSCLC population has not been done. Thus, in this study, we aimed to assess both tumor tissue samples and ctDNA from blood using NGS to identify somatic mutations in a Chinese NSCLC population.

In our study, 88% of the patients that we tested using their tumor tissue were identified to have somatic mutations, and the detection rate was only 80% for the patients tested using their ctDNA. This discrepancy is to be expected due to the limitation of the size of the ctDNA sample population compared to that of the tumor tissue samples. Furthermore, the accuracy of many of the current technologies to detect specific mutations among the total cfDNA can be a limitation, because the ctDNA copy numbers are low compared to the sizable amount of wild-type cfDNA that is present.[@cit0023] In addition, it is also worth considering that the ctDNA released by the tumor cells may be genetically distinctive when it is compared to the most of the cells within the primary tumor because of tumor heterogeneity.[@cit0024]

However, even though there was a disparity in the detection of the somatic mutation percentages between the sample types, when we examined the identity of the mutations, we found that there were little differences in the findings when the mutations were identified, regardless of the DNA source. Indeed, EGFR was the most frequently identified mutated gene, and it accounted for almost 50% of all of the detected mutations irrespective of the source of biopsy. These finding are supported by another study that examined newly diagnosed advanced lung adenocarcinoma patients and found that 65% of the patients with harbored an EGFR mutation in their tissue samples and had concordant EGFR mutation results using liquid biopsy. The concordant results were associated with significantly poorer PFS in stage IV patients treated with EGFR tyrosine kinase inhibitors (TKIs).[@cit0026] The importance of the detecting EGFR mutations for NSCLC is clear, and now there is intriguing evidence that these mutations in particular can be monitored non-invasively, which will be beneficial for treatments, predictions, and survival.

We also identified KRAS as one of the most commonly mutated genes. With regard to human cancer, the RAS genes are considered some of the most frequently mutated genes and are comprised of three members, namely HRAS, KRAS and NRAS. The enzymes encoded by the RAS family genes enzymes trigger numerous signaling pathways, including RAF-MEK-ERK and PI3K-AKT-mTOR. Consequently, these genes are crucial for regulating cell proliferation, differentiation, and survival.[@cit0027] With regard to NSCLC, KRAS mutations are among the most rampant oncogenic driver mutations. The KRAS mutation status in NSCLC is associated with the activation of different signaling pathways, which might lead to an altered prognostic significance and response to therapy.[@cit0028],[@cit0029] Thus, it is important to identify this mutation with accuracy. With respect the clinical utility of determining KRAS mutations in a liquid biopsy as a marker of sensitivity to EGFR-TKIs in NSCLC, the current studies have not shown significant differences in terms of the overall survival.[@cit0030] However, one study did reveal that mutant KRAS patients had a worse PFS than wild type subjects.[@cit0031] Thus, the prognostic and predictive value of KRAS mutations in cfDNA as a biomarker still requires further investigation.

The PI3K pathway is essential for cell metabolism and proliferation.[@cit0032] The PIK3CA gene encodes the class I PI3K p110α, and mutations within this gene are frequently identified in an assortment of cancers.[@cit0033] We found a high level of PIK3CA mutations in our samples. For NSCLC, PIK3CA mutations are considered oncogenic and targetable.[@cit0034] However, it is questionable whether the PIK3CA mutation alone is enough to function as an oncogenic driver in tumor formation for NSCLC patients.[@cit0035] Studies are currently examining this notion. For example, PIK3CA-mutated NSCLC is identified clinically and genetically as a heterogeneous subgroup among adenocarcinomas, showing no deleterious effect on survival after surgery or systemic therapy. However, for lung cancer, PIK3CA mutations occur in patients with prior malignancies.[@cit0036] Thus, further examination into the PIK3CA mutational status in NSCLC patients is worth exploring. To the best of our knowledge, this has not been done using cfDNA for NSCLC. However, PIK3CA, as a driver mutation, was detected using ctDNA in breast cancer and head and neck squamous cell carcinoma patients.[@cit0037],[@cit0038] Thus, this finding in NSCLC should be further explored in a larger cohort.

Due to the significance of the EGFR mutations in NSCLC, we further explored whether it existed mutually exclusive or was likely to co-occur with the other mutations. Our data revealed that the EGFR mutations were most significantly mutually exclusive with the KRAS mutations. Traditionally, EGFR and KRAS mutations have been deemed mutually exclusive. Thus, the occurrence of KRAS mutations is considered a characteristic of anti-EGFR TKI therapy resistance. Nevertheless, data attained using highly sensitive technologies indicate that in a heterogeneous tumor cell population, certain tumors do share KRAS and EGFR mutations.[@cit0039] Thus, given the importance of these 2 onco-drivers in NSCLC, it will be important to examine these relationships further in the future. With respect to the detection of EGFR and KRAS mutations in cfDNA as predictive and prognostic biomarkers of NSCLC, the EGFR mutation clearly shows a relationship to the acquired resistance to EGFR-TKIs.[@cit0030] However, as mentioned above, for KRAS mutations in cfDNA as a biomarker, their prognostic and predictive values are still under investigation.

Interestingly, we found that FGFR1 mutations were significantly more abundantly detected in the ctDNA group compared to the tumor tissue. FGFR1 shows oncogenic characteristics in squamous cell carcinomas using preclinical models, as such FGFR1 amplification usually occurs via the activation the signal transducer and activator of transcription (STAT), AKT, and mitogen-activated protein kinase pathways, paving the way for the prospective therapeutic targeting in squamous cell carcinomas.[@cit0040] However, the use of inhibitors targeting FGFR1 for this subtype is less than effective.[@cit0041] Thus, in lung cancer, focus has turned to adenocarcinoma. The amplification of FGFR1 is observed in 1% to 3% of lung adenocarcinomas, and evidence suggests that the mRNA and protein expressions of FGFR1 may be superior prognosticators of FGFR inhibition ability.[@cit0042] Interestingly, the dual inhibition of EGFR and FGFR in FGFR1-overexpressing, EGFR-activated models demonstrates combinatorial results on tumor growth, indicating that patients whose tumors bear these features may have improved outcomes with combined EGFR/FGFR inhibitory treatments.[@cit0043] A better exploration of these two mutations would be beneficial in future studies. FGFR mutations are considered less common mutations in NSCLC, because they are found in only 1--2% of cases. However, it is found in ctDNA from these patients.[@cit0044] Thus, using cfDNA to explore FGFR mutations may provide more information compared to what is known from tumor biopsies.

Finally, in our retrospective analysis, we examined the treatment and survival rates of the patients compared to their EGFR mutation status, which was determined by 2 methods. These data revealed that the targeted therapy was effective for the EFGR mutation patients. It is estimated that more than 60% of NSCLCs show EGFR expression, making EGFR an essential therapeutic target. Clinically active TKIs for EGFR have been developed, and these are successful in patients whose tumors contain activating mutations in the tyrosine kinase domain of the EGFR gene. Thus, mutation analyses are required to pinpoint these patients, because when the selection only utilizes clinicopathologic characteristics, it is insufficient.[@cit0045] Given that this retrospective study found similar EGFR mutation rates in by the biopsies and the ctDNA, we propose that a future prospective study be conducted to assess the ability of ctDNA to predict outcome and provide treatment guidance.

Conclusions {#s0005}
===========

For NSCLC, the isolation and analysis ctDNA is an efficient and favorable genomic profiling tool. Our study demonstrated a reasonable comparison between the mutational analyses of ctDNA and tumor tissue. Thus, using ctDNA might be specifically valuable when it is not safe to assess the tissue biopsy because of its physical condition. Moreover, the use of ctDNA has the potential to identify oncogenic driver mutations for which targetable therapies might be useful. Our findings support recent research, which establishes that ctDNA testing is a valuable addition to tissue genotyping for NSCLC. Ultimately, the findings described here provide support the application of ctDNA testing as a routine clinical practice for NSCLC.
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